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1 Crystallographic evolution of MAX phases in proton irradiating environments
Introduction
The harsh environment of light water reactors (LWRs) require materials that can tolerate moderate temperatures (> 300 ˚C), are resistant to aqueous corrosion, and retain their integrity during irradiation. The MAX phases are a unique class of materials, which have been shown to exhibit favourable properties of both ceramics and metals. Similar to metals they are relatively damage tolerant [1], thermally conductive [2] , and thermally shock resistant [3] . However, like ceramics, MAX phases also exhibit oxidation resistance [4] and have relatively low densities [3] . They have the general formula M n+1 AX n , where M stands for an early transition metal, A is an A-group element, and X is either C or N. They have a nano-layered structure consisting of binary MX 6 octahedra, interleaved with pure A layers. Due to their unique mixture of properties, MAX phases have been suggested as candidates for nuclear in-core nuclear applications, such as accident tolerant fuel coatings (ATFCs) [5, 6] and for wear resistant components [3] . The use of MAX phases for ATFCs requires stability throughout normal operation and to allow for increased coping times during loss of coolant accidents (LOCA).
The irradiation resistance of the MAX phases, specifically Ti 3 SiC 2 , was first investigated by Nappé et al. [7] . Samples were irradiated to various fluences using 4 MeV Au + ions at room temperature and grazing incidence x-ray diffraction (XRD) was used to characterise samples before and after irradiation. The relatively large size and low penetration depth of Au ions and their relatively large size led to amorphisation at high fluences (10 15 cm -2 ) [7] . In the same study, similar amorphisation was also observed during a 90 MeV Xe ion irradiation to the same fluence at room temperature. At lower fluences, amorphisation did not occur, however an expansion in the c-lattice parameter was observed.
